A B S T R A C T The whole body clearance of norepinephrine (NE) was measured in seven patients preand postoperatively. L[8H]NE was infused intravenously for 90 min and steady-state concentrations of L[3H]NE were measured at 75 and 90 min in both arterial and peripheral venous blood. Preoperatively, in the resting supine position, the clearance values based on arterial and venous sampling averaged 1.4 and 2.5 liter/min, respectively (P < 0.02). The difference in clearance values was due to a peripheral uptake of NE averaging 45%.
INTRODUCTION
After the advent of sensitive and precise radioenzymatic assays for the determination of catecholamines in plasma there has been a renewed interest in determining the plasma appearance rate and plasma clearance of norepinephrine (NE)' and epinephrine. Recently, several authors using intravenous infusion of either labeled or unlabeled NE have reported a mean plasma clearance of NE of -3 liter/min in resting supine man (1) (2) (3) . However, as pointed out elsewhere (4), this is a surprisingly high value, close to cardiac output, suggesting that the extraction of NE is nearly 100% in several organs. In the studies mentioned above NE was infused intravenously in one arm and blood for the determination of steady-state plasma concentrations of unlabeled or labeled NE was collected from a vein in the opposite arm. Evidently, steady-state concentrations of NE have to be determined in arterial blood or preferably in mixed venous blood in the pulmonary artery. When venous sampling is used for measuring the steady-state concentration, the uptake of NE in peripheral tissue is disregarded and the clearance values may therefore be too high. The aim of this study was, firstly, to examine if the whole body clearance of NE differed when the steady-state concentrations were measured in arterial rather than in venous blood and, secondly, to examine the influence of surgical stress on the plasma appearance rate of NE.
METHODS

Patients
Clinical data are given in Table I . Seven female patients undergoing elective cholecystectomy participated in the study after giving informed consent. The patients had no other known disease and they took no drugs apart from oral contraceptives in two patients. The patients were examined 1-2 d before surgery and 2-4 h postoperatively. The patients were operated under standard anesthesia using halothane in ' Abbreviation used in this paper: NE, norepinephrine. five patients and neurolept anesthesia in two patients. The perioperative blood loss was minimal and the postoperative period was uncomplicated in all patients. Postoperatively the patients received no medication apart from intramuscular injections of meperidine (75 mg) for pain and a slow intravenous infusion of saline. This therapy was discontinued before the experiment was started.
Procedure
The experiments were always performed between 2 and 6 p.m. The patients were studied in the supine position after at least 1 h of rest. Preoperatively the patients had fasted for 6 h and abstained from tobacco for at least 2 h preceding the study. The study was carried out 2-4 h after surgery.
A catheter was placed in a superficial vein in both forearms for blood sampling (5) and eluted by 6 ml of acetic acid as described earlier (6) . A small sample of the eluate was stored for determination of the endogenous catecholamine concentrations whereas the larger portion of the eluate was freeze-dried and the radioactivity counted.
Deaminated metabolites. 3 ml of plasma and aliquots of the infusates were treated by alumina extraction as described above. The eluate was saturated with NaCl, acidified, and extracted into 5 vol of ethylacetate (5) . An aliquot of the organic sample was evaporated in a current of air and the radioactivity was counted.
Endogenous NE and epinephrine concentrations. These were measured in the alumina eluate by means of a singleisotope derivative assay described elsewhere (7) . The Table I . There was no difference either preoperatively or postoperatively in plasma NE before and after infusion of the tracer (Table II) (Fig. 2) .
RESULTS
Pertinent clinical data are given in
Preoperatively the plasma appearance rate of NE averaged 2.4 nmol/min and it increased to 9.5 nmol/ min postoperatively ( Fig. 3 , P < 0.02).
The heart rate and the arterial blood pressure did not change significantly during the infusions of L[3H]NE. The mean heart rate was significantly higher postoperatively compared with the preoperative value ( (8) .
It is possible that we slightly overestimated the whole body clearance of NE because small amounts of NE may be taken up by the lungs (9-12). In humans, Sole et al. (11) found aortic NE levels to be 25% lower than pulmonary artery levels, indicating that the lungs extracted at least 25% of the NE passed through them. However, in a recent study by Kjeldsen et al. (12) virtually no difference was found between plasma NE concentrations in the brachial and the pulmonary artery in a group of subjects undergoing cardiac catheterization but showing normal hemodynamics.
It is possible that the clearance values of NE based on venous sampling may be used as a relative index of the whole body clearance of NE, although we found no significant correlations between the calculated venous and arterial clearances of NE. The latter conclusion is based on a relatively small number of observations. It may well be that significant correlations would be found if conditions resulting in a greater diversity of clearance values were studied. However, the finding of a negative correlation between forearm fractional extraction and clearance values at 75 min based on arterial but not on venous sampling may be due to the influence of forearm hemodynamics on clearance values based on venous sampling. It is likely that the whole body clearance of NE based on arterial sampling correlates positively to the cardiac output, whereas the forearm fractional extraction is likely to decrease with increasing regional blood flow (10) . The main advantage of using arterial sampling compared with venous sampling for the determination of the whole body clearance of NE is that the clearance values are not influenced by changes in the regional fractional extraction. The main disadvantage is that the determination requires arterial puncture or catheterization.
When radioactive labeled NE is used for the determination of NE Sympathetic nervous activity and release of NE vary from one tissue to another. Accordingly the plasma appearance rate and the fractional extraction of NE should preferably be determined in individual organs by selective venous blood sampling. In the skin and muscles sympathetic nervous activity may be determined by recordings of impulses in the sympathetic nerves (17) . However, because the release of NE may be modified by presynaptic receptors, it is conceivable that the ratio between number of bursts in the sympathetic nerves and amounts of NE released from the nerve terminals may not be identical during all conditions.
The plasma NE concentration was considerably increased in the immediate postoperative period compared with preoperative values. Plasma NE and the plasma appearance rate of NE increased to approximately the same extent because the clearance values were unchanged by surgery. The heart rate increased significantly whereas the arterial blood pressure was the same before and after surgery. It is paradoxical that the arterial blood pressure remained unchanged postoperatively despite the considerable rise in the plasma appearance rate of NE. A reduced blood volume is unlikely to be the sole explanation of the increased plasma NE appearance rate postoperatively because the blood loss during the operation was minimal and replaced by intravenous infusion of saline. The increase in the plasma appearance rate of NE postoperatively may to a large extent be mediated by afferent stimuli from the damaged tissue (18) . However, this mechanism fails to explain the lack of an appropriate rise in blood pressure in response to the increased plasma NE appearance rate.
